ABSTRACT
Introduction
Symptomatic urinary stones failing to pass sponteneosly are managed with various treatment options. Appropriate individual treatment choice depends on various facts. Stone burden, localization, size and type of stone, presence of urinary tract infection or congenital anatomical abnormalities may be eff ective. Extracorporeal shock wave lithotripsy (ESWL), ureterorenoscopy (URS), retrograde intrarenal surgery (RIRS), percutaneous nephrolithotomy (PCNL), laparoscopic and open surgeries may be options.
Th e residual stone fragments aft er open surgical procedures were accepted as failure or insuffi cient treatment. Although open surgical procedures have been replaced by minimally invasive surgical techniques by many surgeons, stone remnants may persist in the urinary system and the remained stone fragments aft er minimally invasive surgery stone are not cleared immediately. Th us, the term of clinically insignifi cant residual fragments (CIRFs) is used to describe such posttreatment residual fragments, which are smaller than 4 mm (or 5 mm), asymptomatic, non-obstructive and associated with sterile urine. 1, 2 Th e residual stone fragments may interfere with the quality of life of patients and the residual fragments can lead to stone formation acting as a nidus.
were accepred as the failure of the treatment. However, current treatment modalities changed the treatment goals. With minimally invasive procedures, the success of the intervention depended on the the size of the remaining stone fragments and fragmentation rates. Th us, stone fragments smaller than 4 mm in size were defi ned as "clinically insignifi cant".
Regrowth of the residual stones has been detected with higher incidences aft er ESWL and minimally invasive procedures [3] [4] [5] . Residual fragments following ESWL or PNL lead to high rates of symptomatic episodes, as well as high rates of repeat intervention 6 . Th e incidence and/or rates of recurrent disease vary with the type of stone, size of the fragment and the type of the procedure.
CIRFs after Shock Wave Lithotripsy (SWL)
Streem and co-workers determined the clinical significance of small, asymptomatic, non-infectious stone fragments aft er SWL. 7 Th e authors followed up 160 patients for a mean period of 23 months. Asymptomatic patients with 4 mm or smaller calcium oxalate and calcium phosphate stone fragments aft er SWL were included in the study. Stone-free status or a decreased, stable or increased amount of residual stone occurred in 38 (23.8%), 26 (16.3%), 67 (41.9%) and 29 (18.1%) of the 160 patients, respectively. Th e probability of a stone-free, stone-free or decreased status, or stone-free decreased or stable status was 0.36, 0.53, and 0.80, respectively at fi ft h year aft er SWL. Ninety one patients (56.9%) were asymptomatic while 69 (43.1%) were symptomatic or required intervention during a mean period of 26 months (1.6-85.4 months) aft er SWL (probability estimated at 0.71 at 5 years). Th e authors stated that patients with small non-infectious stone fragments could be followed expectantly aft er SWL, however a signifi cant number of patients had symptomatic episodes or would require intervention within two years. Th ey concluded that the application of the term CIRFs aft er SWL might not be appropriate.
Zanetti and co-workers reviewed the therapeutic implications and long-term outcome of asymptomatic patients with dust and residual fragments (less than 4 mm) at third month aft er SWL 3 . A total of 129 patients were re-examined with radiographic studies, renal ultrasonography and urine culture at 12th month, and 95 were also evaluated at 24th month. Th e patients were defi ned as stone-free or with persistent lithiasis or with regrowth stone. At the end of the 12-months follow up period, 60 patients (46.5%) were stone-free and 56 (43.5%) still had residual fragments or dust. Th ere was no signifi cant diff erence between the stone free rates, size and localization of the stones or fragments at three months and 12 months; however stones or fragments larger than 10 mm enlarged more frequently (11 of 40 patients, 27.5%, versus 2 of 89, 2.2%; P ¼ 0.001) in 13 patients (10%). Th e probability of eliminating residual lithiasis at 12th month was significantly higher in patients with dust than in those with residual fragments (42 of 79 patients, 58%, versus 18 of 50, 36%; P=0.026). Th ey concluded that in short term follow up period, the patients with fragments do not require systematic retreatment; however if symptoms persisted or stones recurred they might be followed and retreated in long-term.
Buchholz et al. investigated the fate of residual fragments, less than 5 mm, aft er SWL over a long period. 8 Th e study aimed to determine the rate and time of the sponteneous pass of the fragments. Th ey also aimed to clarify regrowth, recurrence and their role in clinical outcome. Th e records of 266 patients containing a mean follow up period of 387 days were analyzed. Fift y fi ve patients (21%) with residual fragments <5 mm in diameter were detected aft er SWL. Sex, age, medical history, and SWL retreatment rates were not significantly diff erent between the patients with or without residual fragments. Aft er a mean follow up period of 2.5 years, 12.7% of the patients with residual stones had not passed the fragments spontaneously, but all of them were in clinically stable status and the fragments were located in the proximal ureter and the lower calices. Stone regrowth was observed in only 2% of the patients with residual fragments and no stone recurrences were observed within the follow-up period. Th e authors concluded that more invasive procedures to reach stone free status were not essential.
In a study by Khaitan et al. 81 patients were followed aft er SWL to clarify the fate of the CIRFs for a mean period of 15 months (6-60 months). In 18 patients, the fragments passed spontaneously during the followup, 13 patients were in clinically stable status, and 44 patients develeoped cninically signifi cant complications. Th us, percutaneous nephrolithotomy in three, ureteroscopic stone removal in four and repeat SWL in 16 patients were needed. Conservative analgesic treatment was suffi cent in the remaining 21 patients. CIRFs in the caliceal location mostly became symptomatic and 53% of the CIRFs located in the pelvis passed spontaneously. In addition clinical symprtoms were related with the stone burden and number of stone fragments. Moreover, the clearance rate was highest during the fi rst six months. Finally, the rate of complications correlated with the duration of follow up, the number and size of residual fragments. Th e authors stated that patients with residual stones required close follow up and timely adjuvant therapy aft er SWL. For spontaneous passage, the pelvic location was a favorable factor. Although the clearance rate of CIRFs with repeated SWL was lower than the operative techniques, most patients improved with this modality. 9 Rassweiler and co-workers, in their review analyzed the data obtained from 14000 patients. 2 Th ey compared the data with long-term results of two centers in Germany by comparing the stone localization, stone size, observation time and the anatomical kidney situation. Th ey found that the stone passage was continuous during a 24 months follow up period aft er SWL. New generation equipments and technology in SWL have increased the CIRFs percentage. Th e authors stated that 25%, 55% and 20% patients with CIRFs would be stone-free or remain clinically insignifi cant or clinically signifi cant, respectively, during follow up. If there was not any clinical symptom, secondary interventions would be considered as over-treatment. Only 4-25% of their patients required an additional intervention which was mostly a repeat SWL.
CIRFs after Ureteroscopy
Rebuck et al. investigated the fate of postureteroscopic renal stone fragments less than 4 mm 10 . Th e aim of ureteroscopy is to fragment stones, and remove larger fragments with basket catheter and allow the small pieces to pass spontaneously. From May 2001 to July 2008, patients treated with ureteroscopy and holmium laser lithotripsy by a single surgeon were included in the study. Fift y one of 330 ureteroscopies met inclusion criteria. Patients with residual renal fragments measuring 4 mm on initial postoperative CT and at least one additional follow up CT were included. Spontaneous passage of the fragments, regrowth of the fragments, and stone events like emergency visits, hospitalization and additional interventions were recorded. Th e mean follow-up duration was 18.9 months (1.6 years). During follow up, among 46 patients, nine (19.6%) experienced a stone event, 10 (21.7%) passed their fragments spontaneously, and the remaining 27 (58.7%) were in clinically stable status and asymptomatic. Th e mean fragment size was similar as 2.7, 3.3, 3.5, and 3.0 mm at mean follow-up durations of 2.8, 10.2, 16.8, and 33.0 months, respectively. Th e authors concluded that approximately one in fi ve (or 19.6%) of the patients with postureteroscopic CIRFs would experience a stone event over the following 1.6 years. Th e remaining patients will either became stone-free via spontaneous passage or retained asymptomatic stable-sized fragments.
CIRFs after Percutaneous Nephrolithotomy (PCNL)
Altunrende and associates analyzed the data of 430 patients who underwent PCNL during a three-year period and defi ned CIRFs as asymptomatic, noninfectious stone fragments less than 4 mm 11 . Stone-free rate for their study was 74.5%, and CIRFs were detected in 22% of cases by kidney-ureter-bladder (KUB) graphy three months aft er surgery. Th irty eight patients with CIRFs aft er PCNL were included in the study for a mean period of 28.4±5.3 months follow-up and 26.3% of patients had a stone event that needed medical treatment during follow-up, while others were asymptomatic. An increase in the size of the fragments was detected by radiologic assessment in 21.1% of patients, while the sizes were stable or decreased in 71.1% of cases. Th ree (7.9%) patients had passed their stones spontaneously. Metabolic evaluation revealed metabolic abnormalities in 10 (26.3%) patients. Magnesium ammonium phosphate (struvite) was detected by stone analysis in three of eight patients with increased sizes of residual fragments. In addition, only one of these eight patients had hypocitraturia and one of eight had hypercalciuria as a metabolic abnormality. Th ey concluded that CIRFs aft er PCNL had progression in medium-term follow-up (most common in fi rst two years). Increase in fragment size was common in patients with struvite stones, and presence of risk factors in 24-hour urine metabolic analysis did not seem to predict growth.
Ganpule and Desai analyzed the outcomes of residual fragments aft er PCNL and they aimed to determine the factors predicting spontaneous passage 12 . Th e authors analyzed the outcomes of 2469 patients aft er PCNL between January 2000 to January 2008. Residual stone fragments were detected in 187 (7.57%) patients. Th e mean size of fragments was 38.6 ± 52 mm 2 and the most common localization of the fragments was lower calyx (57.7%). Eighty-four patients (approximately half of the patients) passed their stones spontaneously at a mean follow-up period of 24 months. 65.4% of were detected in 18 children (21.2%) and secondary intervention was required in 25 children (29.4%). Th ey concluded that, the term of CIRFs was not appropriate for postoperative residual fragments in children 14 .
Management of Residual Stones
Th e possible complications of residual stones are related to dislocation of fragments with obstruction and symptoms, persistent urinary tract infection and the risk of develeoping new stones from the nidus 5, [15] [16] [17] [18] .
Patients with residual fragments require close followup to monitor the course of stone disease. Adjunctive treatment with tamsulosin may improve the clearance and the stone-free rate aft er SWL and ureterorenoscopy 19 . Treatment includes high diuresis and mechanical percussion for small fragments located in tle lower calix to facilitate the stone clearence 20 . A diet containing high intake of fl uids, vegetables and fruits; lower consumption of protein and salt and a balanced intake of fats, calcium and carbohydrates constitutes an effi cacious tratment and prevention approach.
Regular exercise, appropriate body weight, and reducing stress are also useful preventive actions. 21 To prevent the complications, identifi cation of biochemical risk factors is particularly indicated in patients with residual fragments or stones 19 . Since the metabolic disturbances underlying stone formation persist aft er procedures, recurrence of the disease is inextricably linked to the institution of medical therapy (eg, thiazide diuretic and low salt diet for hypercalciuria, and potassium citrate for hypocitraturia, allopurinol or potassium citrate for hyperuricosuria). It was shown that medical therapy is eff ective in preventing stone growth and recurrence 22 .
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these stones passed in three months. Size of the fragments were less than 25 mm 2 and pelvic location had the best chance of clearance. Th e authors stated that surgeon experience, size of residue, presentation time of residue, presence of double-j stent, preoperative nephrostomy drainage, a history of intervention, metabolic abnormalities such as hypercalcuria and hyperuraecemia were signifi cant in predicting the fate of residuel fragments aft er PCNL.
CIRFs in Children
Th e defi nition is adapted from adult studies, thus the fate of CIRFs is not known well in children. Afshar et al. studied residual stone fragments (5 mm or less) following SWL in children. Th e records of 83 patients (39 boys and 44 girls) and 88 renal units with urinary stone disease aft er SWL were analyzed. Th e median age, average stone burden and follow up period were 7 years, 14 mm and 46 months, respectively. Forty renal units (46%) became stone-free aft er fi rst session of SWL and 18 renal units (20%) had residual fragments. Twelve of the remaining 30 (34%) units rendered stone free aft er additional interventions including SWL and surgical procedures. Residual fragments were detected in remaining eight renal units. A total of 26 renal units with residual fragments were included in the study. Regrowth of residual fragments, calculi recurrence in stone-free cases and symptomatic episodes were recorded. Eighteen renal units (69%) had residual fragments growth or symptoms, and eight (31%) patients had no stone growth or symptoms. Th e growth of residual fragments was associated with metabolic disorder presence (odds ratio 11.4). Th e authors concluded that residual fragments aft er SWL increased the chance of adverse clinical outcome and these fragments were clinically signifi cant in children. Patients with residual fragments, especially those with metabolic disorders, required close follow up 13 .
Dincel et al. assessed CIRFs in children aft er SWL, PCNL and retrograde intrarenal surgery (RIRS). Eighty fi ve children were followed up for a mean period of 22 months. Spontaneous passage of the fragments, regrowth of the fragments, and stone events like emergency visits, hospitalization and additional interventions were recorded. Only 22 children (25.8%) had passsed the residual fragments spontaneously. Th irty four patients had (40%) renal colic, heamaturia or urinary tract infection, and 20 (23.5%) patients required medical treatment. Regrowth of the residual fragments
